GPS RECEIVER WITH ELECTRONIC WARFARE RECEIVER 

FRONT END 

RIGHTS OF THE GOVERNMENT 
[0001] The invention described herein may be manufactured and used by or 
for the Government of the United States for all governmental purposes without the 
payment of any royalty. 
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CROSS REFERENCE TO RELATED PATENT DOCUMENT 
[0002] The present document is somewhat related to the copending and 
commonly assigned patent application document "PHASE CENTER 
MEASUREMENT OF ELECTRONIC WARFARE ANTENNAS USING GPS 
SIGNALS", applicant's attorney's docket number AFD 709, Serial Number 
10/xxx,xxx filed of even date herewith. The contents of this related even filing date 
application are hereby incorporated by reference herein. 
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BACKGROUND OF THE INVENTION 
[0003] Global Position System (GPS) radio receivers and related apparatus 
have become widely used in navigation, precision locating, farming, warfare and 
numerous other present day applications including now factory assembled 
automobiles. In at least some of these applications there also exist a use of the 
Electronic Warfare Receiver (EWR) for identifying signals important to the ground, 
sea and air war fighter. Normally these two different technologies are considered to 
be separate and distinct in their uses as well as in the apparatus used for their 
embodiments. To a perhaps surprising degree however there has come to exist a 
number of applications where a joint usage or even a marriage of these different 
technologies can be advantageous. One useful of such application is disclosed in the 
companion patent document "Phase Center Measurement of Two Electronic 
Warfare Antennas Using GPS Signals", Docket number AFD 709, filed of even date 
herewith by one inventor of the present invention and another colleague from our 
laboratory. The contents of this companion patent document are hereby 
incorporated by reference herein. Other such combinations of these technologies 
are believed possible. 

[0004] Another example of this advantageous marriage of GPS and electronic 
warfare technologies is to be found in a small tactical or reconnaissance military 
aircraft wherein the capabilities of both a high precision global position system 
receiver for locating functions and an electronic warfare receiver, the latter for 
defensive protection or for surveillance mission accomplishment, may be desirable. 
In the military aircraft situation limitations in the space and weight categories can 
make the availability of separate global position system and electronic warfare 
receiver equipment less than an optimum arrangement. In ground based military 
situations such as are encountered by Army and other Special Operations Forces 
these space and weight limitations may be in addition to energy availability 
limitations such as are imposed by the use of back-pack transported batteries. The 
present invention is believed to provide creditable assistance for such situations 
while incurring little technical limitation difficulty. As an aside topic we find it 
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interesting to ponder why the simple concept of the present invention has 
apparently remained hidden for the number of years that both the global position 
system and electronic warfare receiver concepts have been known and in growing 
usage. One explanation for this status is surmised to involve the application of 
these two technologies being so separate and distinct as to make few if any workers 
in the electronic art knowledgeable and interested in both technologies and their 
specific details. 

[0005] The combination of a global position system radio receiver with other 
radio receiver apparatus of varying capabilities, including military capabilities, is to 
be found in a sequence of previously issued U.S. Patent documents. These 
documents include the U.S. Patent 5,606,500 of Tran; the U.S. Patent 6,492,937 of 
M.J. Sparrow et al. and U.S. Patent 6,677,883 of Apostolos for examples. While 
these combinations of global position system receivers and other receivers are 
interesting in their concepts, they appear concerned with the achievement of goals 
needing the reception of differing incoming signals as opposed to a sharing of 
receiver functions as appears in the present invention. Such receiver combinations 
are therefore believed to be primarily of background interest with respect to the 
present invention. 
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SUMMARY OF THE INVENTION 

[0006] The present invention provides for a desirable combination of a global 
position system radio receiver and an electronic warfare radio receiver. 

[0007] It is therefore an object of the present invention to provide a global 
position receiver and electronic warfare receiver combination. 

[0008] It is another object of the invention to provide a global position system 
radio receiver in which the receiver front-end function is performed by an electronic 
warfare receiver. 

[0009] It is another object of the invention to provide an additional usage for 
an electronic warfare radio receiver. 

[0010] It is another object of the invention to provide a space, weight and 
electrical energy consumption limited combination of an electronic warfare radio 
receiver and a global position system radio receiver. 

[0011] It is another object of the invention to provide an electronic warfare 
radio receiver with global position system receiver capability. 

[0012] It is another object of the invention to provide a wide bandwidth global 
position system receiver having the ability to process simultaneously received 
signals. 

[0013] It is another object of the invention to provide a combination of a global 
position system radio receiver with one of several types of electronic warfare radio 
receivers. 

[0014] These and other objects of the invention will become apparent as the 
description of the representative embodiments proceeds. 

[0015] These and other objects of the invention are achieved by the integrated 
GPS radio receiver apparatus comprising the combination o£ 

[0016] a wide band electronic warfare radio receiver having a plurality of 
channelized output signal paths each limited to a selected band of radio frequency 
signals; 



[0017] said wide band electronic warfare radio receiver also including an 
electronic analog to digital converter circuit and an embodied Fourier 
transformation algorithm; 

[0018] a global position system radio receiver circuit having a radio frequency 
signal input port 

[0019] electrically connected with a selected one of said wide band electronic 
warfare radio receiver plurality of channelized output signal paths in receipt of 
input radio frequency signals there from; 

[0020] said global position system radio receiver circuit generating a sequence 
of geographic location identification output signals in response to a sequence of 
global position system input signals received from said selected electronic warfare 
radio receiver channelized output signal. 
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BRIEF DESCRIPTION OF THE DRAWING 

[0021] The accompanying drawings incorporated in and forming a part of the 
specification, illustrate several aspects of the present invention and together with 
the description serve to explain the principles of the invention. In the drawings- 

[0022] FIG. 1 shows a block diagram of a monobit type of electronic warfare 
receiver having 128 output signals. 

[0023] FIG. 2 shows additional detail of a FIG. 1 monobit electronic warfare 
receiver including output signal identifications and use of an output signal 
according to the present invention. 

[0024] FIG. 3 shows input and output frequency relationships for a receiver 
combination according to the present invention. 

[0025] FIG. 4 shows signal to noise performance of a combined receiver 
according to the present invention. 

[0026] FIG. 5 shows signal to noise performance of a conventional electronic 
warfare receiver under the conditions of FIG. 4. 

[0027] FIG. 6 shows a frequency plot for a fast Fourier transform processed 
wide band electromagnetic wave signal. 



DETAILED DESCRIPTION OF THE INVENTION 
[0028] In order for a digital electronic warfare radio receiver to cover a wide 
bandwidth, the analog-to-digital converter used in the receiver should be 
characterized by a high sampling rate. Once this capability is in place however 
there are numerous additional types of signals, (in addition to the usual electronic 
warfare signals originating in a radar system) signals such as communication 
signals, which can be received by way of an electronic warfare receiver. Thus by 
implementing different algorithms to process the output of a channelized electronic 
warfare receiver, other non-electronic warfare functions can be performed by the 
receiver. These functions include receiver use in the front-end function of a global 
position system receiving apparatus-as is espoused in the present invention. This 
approach can add additional usability and cost justification to an electronic warfare 
receiver. Alternately one may consider that the two types of receivers, an electronic 
warfare receiver, and a global position system receiver, can be integrated. 

[0029] In order to illustrate this receiver combination concept an electronic 
warfare receiver and a global position system receiver are integrated and described 
in the following paragraphs herein. To simplify the discussion, the monobit 
arrangement of the electronic warfare receiver as is described in our (i.e., our 
laboratory and our colleagues) U.S. Patent 5,917,737 is used as the channelized 
electronic warfare receiver and is combined with a software-embodied global 
position system receiver. Another type of electronic warfare radio receiver can be 
used in substitution for this monobit receiver! such possible receivers may for 
example include the arrangements shown in other of our U.S. Patents including 
U.S. 5,793,323; U.S. S/N (serial number) 09/917,589; U.S. S/N 09/944,616 and U.S. 
S/N 10/008,476. Other types of electronic warfare receivers including the several of 
these receivers identified in the Text "Microwave Receivers With Electronic Warfare 
Applications" by J.B.Y. Tsui, John Wiley and Sons, ©1986 may also be employed in 
realizing the invention when the simplicity and other characteristics of the monobit 
receiver are not essential or are undesirable. A significant aspect of the monobit 
receiver and the other receivers disclosed in our patents concerns the use of 
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approximated Kernel function values in the Fourier transformation portion of the 
receiver and the limitations of multiple signal dynamic range characteristics in the 
receiver that can result. The contents of each of the issued and pending patents, 
texts and other publications identified herein are hereby incorporated by reference 
herein. 

[0030] Global position system radio receivers are now also known in the 
patent art. Receivers of this type are for example disclosed in U.S. Patents 
5,805,210; 6,031,488; 6,121,921; 6,324,473; 6,619,212 and RE 37,256. Global 
position system data links are also known in the art and are for examples disclosed 
in U.S. Patents 5,691,723; 5,929,783; 6,160,858; 6,278,396; 6,204,807 and 6,271,798. 
Global position system apparatus of one or more of these types may be helpful in 
achieving embodiments of the present invention. 

[0031] The analog- to-digital converter used in the monobit global position 
system receiver has a two-bit capacity and samples at a 2.5 gigahertz rate. The 
analog- to- digital converter bandwidth is thus 1.25 gigahertz, which is half the 
sampling frequency. The receiver performs a 256-point fast Fourier transform. The 
fast Fourier transform of the receiver Kernel function uses only four Kernel 
function approximation points on a unit circle; these points are located at ±1 and ±j 
in the complex plane. Kernel function approximation points of this nature are 
disclosed in several previous patents originating in our laboratory, patents 
including the above-identified U.S. Patent 5,917,737. The purpose of this 
approximation Kernel function is of course to make the Fourier transformation 
calculation simple. The monobit receiver may employ 128 output channels and the 
channel bandwidth for each of these 128 channels is about 9.77 megahertz (i.e., 
1.250 gigahertz/128). If however only the real or the imaginary component portion 
of each monobit receiver output channel is used the bandwidth is reduced to one 
half of this 9.77 megahertz. Significantly for present purposes, such bandwidth is 
sufficient to accommodate the bandwidth needs of the coarse/acquisition (CA) code 
of a global position system signal, a bandwidth of 2.046 MHz from null to null. 



[0032] FIG. 1 in the drawings shows an arrangement for using one of the 
electronic warfare receiver channel outputs in the present global position system 
receiver front-end service. The frequency of the selected channel output must be 
very close to the center frequency of the global position system signal, a center 
frequency located at 1.57542 gigahertz. In the FIG. 1 drawing input signals are 
received along the path 100 to the receiver 102 and output signals are presented on 
the 128 numbered output paths or channels shown at 104. The cutting lines at 106 
and 108 in FIG. 1 indicate the omission of several receiver output channels falling 
intermediate the represented output signal channels. The arrow 114 in the FIG. 1 
drawing indicates the presence of a complex signal on the path 116, this complex 
signal includes the real and imaginary component parts indicated at 110 and 112 
respectively. If both the real and imaginary component parts of the signal 114 are 
used as input to a global position system receiver, the used bandwidth is 9.77 
megahertz. If only the real or imaginary components are used, the bandwidth is 
one-half of this or 4.88 megahertz (9.77/2.) This 4.88 megahertz bandwidth is in 
fact sufficient to accommodate the C/A code of the global position system signal. 

[0033] The first monobit receiver fabricated provides an input frequency 
range from 1.25 to 2.5 gigahertz as the input pass band. This frequency range in 
fact includes the global position system-related frequency of 1.57542 gigahertz. 
With this arrangement the global position system input signal can be sampled 
directly by the monobit receiver and there is no frequency conversion required. The 
resulting front-end arrangement of the monobit receiver is shown in the drawing of 
FIG. 2. In the FIG. 2 circuit a global position system input signal received from the 
antenna 200 is amplified at 202 for application to the high-speed analog-to-digital 
converter 204. The output from the analog-to-digital converter 204 is divided into 
the one hundred twenty eight channels indicated at 206 in the fast Fourier 
transform channelizer indicated at 218. The break lines at 208 and 210 again 
indicate the absence of showing intermediate circuits and output channels in the 
channelizer 218. As indicated in the FIG. 2 drawing the real component of the 
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ninety sixth output channel of the represented one hundred twenty eight channels 
contains the desired band of frequencies for present global position system use. 

[0034] FIG. 6 in the drawings illustrates the manner in which the previously 
recited one hundred twenty eight frequency segregated channels following a Fourier 
transformation operation arises as well as why the ninety sixth one of these one 
hundred twenty eight channels is of particular global position system interest in the 
described embodiment of the invention. In the FIG. 6 drawing the straight line 600 
may be understood to represent the frequency spectrum between zero frequency and 
a frequency of 2.5 10 9 Hertz (i.e., 2.5 gigahertz) and is thus also representative of 
the number of channels created while performing the 256 point fast Fourier 
transformation of an input signal as described above. The mid point 602 of the line 
600 also thus represents a frequency of 1.25 10 9 Hertz. 

[0035] On the left side of the midpoint 602 lie one hundred twenty eight of the 
two hundred fifty six channels originating in the fast Fourier transform operation 
and on the right side lie the remaining one hundred twenty eight channels. These 
channels may be numbered as zero through one hundred twenty seven and one 
hundred twenty eight though two hundred fifty five respectively and thus the 
midpoint 602 may be said to lie between channels 127 and 128. Only one of these 
left side and right side channel groupings is however needed in the monobit receiver 
since the FIG. 6 spectrum is symmetric and dual in nature; let us assume briefly 
the right side channel grouping and the portion 606 of the spectrum line 600 is thus 
elected. At a point 604 along this portion 606 is located the frequency of 1.57542 10 9 
Hertz, the global position system center frequency described above. The precise bin 
number location of this point 604 may be ascertained from the FIG. 6 drawing 
through the use of a mathematical proportion relationship wherein 1.57542/2.5 = 
channel location/256. This equation of proportion solves to the channel location 
being at 161.32 or in the 161 st channel location. By way of the symmetrical nature 
of the FIG. 6 spectrum there is located at a corresponding channel location 608 on 
the left side of the center point 602, an image of the point 604, an image located an 
equal 33 bins away from the point 602 and the junction between channels 127 and 
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128. This point 608 is located in bin 95 i.e., in the 96 th channel from the left end of 
line 600 as stated herein. 

[0036] The additional frequency plan appearing in the FIG. 3 drawing herein 
is somewhat similar to the FIG. 6 drawing and additionally shows the frequencies 
involved in the present invention and their interrelationships. In the FIG. 3 
drawing input frequency of the fast Fourier transform operation is represented 
along the horizontal axis 300 and output frequency along the vertical axis 310. As 
these axis names imply, the FIG. 3 drawing may also be considered to represent an 
input/output frequency plan for the present invention sampling operation. Thus in 
FIG. 3 the above-described 2.5 gigahertz pass band of the analog-to-digital 
converter 204 appears along the horizontal axis line 300 and may be considered to 
end (and another replication of the FIG. 3 relationship commence) at the frequency 
point 302. The 1.25 gigahertz mid point of this 2.5 gigahertz pass band is indicated 
at 304 and the rising and falling band pass slopes abutting this midpoint appear at 
306 and 308. The 1.57542 gigahertz center frequency of a global position system 
signal appears at 312 in the FIG. 3 drawing and may be seen in FIG. 3 to result in 
an output frequency of 0.92458 gigahertz (i.e., 2.5 gigahertz - 1.57542 gigahertz = 
0.92458 gigahertz) from the FIG. 3 represented down conversion operation. Thus 
the 1.57542 gigahertz center frequency of the global position system signal at 312 
.again falls within the output channel 96 of the electronic warfare receiver. 
Moreover the location of the 1.57542 gigahertz center frequency is about 3.15 
megahertz off the center frequency of channel 96. 

[0037] As a result of this 3. 15 megahertz center frequency offset the signal 

strength achieved with the present combination of an electronic warfare receiver 

with a global position system receiver will be attenuated by about 1.54 dB. with 

respect to that achievable with a conventional global position system receiver. This 

result can be calculated by way of the two relationships" 

x = 3.15^/9.77 = 9.8960085/9.77 =1.012897 
attenuation = 201og[(sinl.012897)/1.012897] = -1.5396 
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[0038] In the relationships shown as equation 1, the variable x represents the 
frequency off from zero. 

[0039] In order to verify the performance sought after in the combination 
electronic warfare receiver and global position system receiver an actual global 
position system signal may be collected through use of a Tektronix TDS7000 digital 
oscilloscope and this signal processed both according to the present invention global 
position system receiver and according to a conventional global position system 
receiver and the results compared. Such a comparison results in the FIG. 4 and 
FIG. 5 drawings herein. 

[0040] In the FIG. 4 drawing the horizontal scale at 400 represents time 
expressed in sample units and the vertical scale 402 represents signal amplitude as 
measured in relative strength units. The spike at 404 is not an actual signal but 
represents an additional portion of the noise background appearing at the floor of 
FIG. 4. The signal at 406 represents the desired output. The FIG. 4 drawing 
represents results achieved by way of the present invention use of an electronic 
warfare receiver as the front end of a global position system receiver. By comparing 
the amplitude of the signal 406 with the average output represented in FIG. 4, a 
signal-to-noise ratio of about 17.6 dB. is calculated for the FIG. 4 present invention 
processing. 

[0041] In the FIG. 5 drawing the horizontal scale at 500 also represents time 
expressed in sample units and the vertical scale 502 represents signal amplitude as 
measured in relative strength units. The signal at 506 again represents the desired 
output. By comparing the amplitude of the signal 504 with the average output 
represented in FIG. 4, a signal-to-noise ratio of about 19.32 dB. is calculated for the 
FIG. 5 conventional processing arrangement. The present invention output shown 
in FIG. 4 is thus found to provide a slightly less desirable, 1.7 dB different, signal to 
noise ratio than the conventional processing of similar signals. A significant part of 
this difference can be attributed to the offset in frequency between the received 
global position system signal and the location of the channel center of the utilized 
electronic warfare receiver channel. 
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[0042] Even though this 1.7 dB degradation in signal to noise ratio may be 
largely attributed to this frequency offset aspect of the present invention and this 
degradation is not so large as to pose a significant disadvantage from use of the 
invention, it is possible to largely overcome even this limited signal to noise 
degradation and achieve a better alignment of the electronic warfare receiver 
channel with the global position system signal merely through a change in the 
sampling frequency used in the analog to digital converter of the electronic warfare 
receiver. In fact if this sampling frequency is increased by a quite small amount 
then the frequency of the global position system signal will be exactly at bin 96. 
The change in sampling frequency needed for this signal to noise improvement is 
from 2.5 Gigahertz or 2.5 x 10 9 Hertz to a frequency of 2.505015652173913 xlO 9 
Hertz. 

[0043] It appears within reason for one reading this specification or possibly 
otherwise contemplating this document to ask wherein the advantage of employing 
the present invention receiver combination may lie. After all, the imperfect 
alignment of electronic warfare receiver and global position system receiver 
frequencies as described herein can be expected to extend to many combinations of 
such receivers and result in the slightly decreased performance experienced in the 
present combination when compared with a conventional receiver arrangement and 
the disclosed correction of this alignment may not always be convenient. In 
addition the global position system radio frequency amplifier and converter stages 
replaced by an electronic warfare receiver in the present invention are in 
themselves usually small in physical size and mass. Notwithstanding these facts 
however a combination of electronic warfare and global position system receivers 
offers an advantage in settings wherein both receiver types are already needed and 
wherein extreme limitations of space or weight or energy consumption or 
combinations of these factors are imposed. The disclosed combination of receivers is 
also of definite advantage in the situation described in the above identified antenna 
positioning measurement situation and the related patent document. 
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[0044] While the apparatus and method herein described constitute a 
preferred embodiment of the invention, it is to be understood that the invention is 
not limited to this precise form of apparatus or method and that changes may be 
made therein without departing from the scope of the invention which is defined in 
the appended claims. 
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